and that the differences in the various commercial preparations are due to differences in the proportion of the various components present.
It has been possible to prepare pure "A" pepsin of constant solubility from pepsinogen and also from certain especially active commercial prepara- Hb U.]m,. P.N. which has an isoelectric point at pH 4.0 has also been isolated (Desreux and Herriott) . No general method has been found so far, however, for separating the mixtures into their various components. .~gren and Hammarsten (7) and Tiselius, Henschen, and Svensson (9) have found that electrophoresis of pepsin solutions yields a substance of higher activity than the original solutions as calculated on a total nitrogen basis. According to Tiselius et al. this is a protein, shows a sharp boundary, and migrates as a homogeneous substance. It seemed possible, therefore, that the electrophoresis method might furnish a means of separating the various protein components of a pepsin solution. A number of electrophoresis experiments were therefore carried out with various pepsin preparations. The results of these experiments are summarized in Table I .
The results show that there is no separation of the protein components from each other but that they migrate at the same rate and show a homogeneous boundary. This accounts for the fact, noted by Tiselius, that the specific activity of the migrating component is different in different preparations. More or less of the non-protein nitrogen is left behind at pH 4.4 and the migrating protein therefore has a higher activity on a total nitrogen basis than the original solution, as Tiselius and his collaborators and ~,gren and Hammarsten stated. There is, however, no increase in activity on a protein nitrogen basis.
The "glycerine standard" pepsin of Table I is the same solution as that used by Tiselius. It is a twice crystallized preparation from Cudahy pepsin. The solubility diagram of this preparation is shown in Fig. 1 . The diagram shows that more than one protein is present. The migrating boundary, however, is homogeneous ( Fig. 5) as Tiselius states but this migrating material stiU contains more than one protein component.
The solubility diagram of another sample of crystalline pepsin prepared from Cudahy pepsin is shown in Fig. 2 and that of pure "A" pepsin ~ in Fig. 3 . The electrophoresis of a sample of pure "A" pepsin is reported in experiment 13 and Fig. 4 , and that of the Cudahy sample in experiments 7-11 of Table I . The solubility diagrams show that the crystalline Cudahy pepsin contains several proteins while the "A" pepsin contains only one. The electrophoresis shows only one boundary in both samples.
The electrophoresis of a mixture of highly active pepsin (specific activity 0.44 P.U.) and a fraction of low activity (0.28) is shown in experiment 14, Table I . There is again no separation. The activity of the migrating mixture is the same as that of the original mixture.
Samples of "A" pepsin recently isolated give a total solubility in this solvent of 0.85 rag. N/ml. instead of 0.65 rag. This difference may be due to slight differences in salt concentrations or to the fact that the sample reported still contained small amounts of a more insoluble protein present as a solid solution. Rising anode boundary after 57,300 seconds; 9.0 cm. migration; mobility =* -4.7 X 10 -5 cm}/volt/sec. activity of the protein and the change in total activity observed is due merely to the separation of protein and non-protein compounds.
Isoelectrlc Point of Pepsin.--Ringer (11) found that most samples of pepsin, as obtained from gastric juice, migrated always to the anode, even in strongly acid solution. The addition of protein split products, however, caused the enzyme to migrate to the cathode on the acid side of about pH 3.0. Ringer concluded that the enzyme was an acid. This result was confirmed by Northrop (12) from a study of the distribution of pepsin between egg albumin particles and the surrounding solution. The distribution was found to be the same as that of the chloride ion indicating that pepsin was a negatively charged monovalent acid at least as far acid as pH 1.0.
Tiselius, Henschen, and Svensson (9) have recently obtained the same result by electrophoresis measurements. Cataphoresis measurements on l collodion particles coated with crystalline pepsin, however, showed an isoelectric point at about pH 2.7 and a minimum solubility was observed near this point (1). This result has now been found to be due to the effect of decomposition products on the measurement as originally described by
Ringer. Thus, solutions of pure "A" pepsin, when freed from non-protein nitrogen are negatively charged even in N/10 hydrochloric,acid. After a few hours at 30°C., however, during which time about 5 per cent nonprotein nitrogen appeared in the solution, the particles became positively charged at pH 1.5. The fact that pepsin contains at least two primary amino groups but does not become positively charged even in 0.1 M acid indicates the presence of a very strong acid group. An indication of such a group is also found in the titration curves but cannot be determined definitely in this way. Pepsin contains 1 atom of phosphorus (1) and this acid group may be that of phosphoric acid.
EXPE~Ytn~NTAL
Pepsin Activity Measurements.--The peptic activity was determined by the hemoglobin method as recently described by Anson (15) . This method is accurate to ±2 per cent when different samples are run at the same time and with the same hemoglobin solution. Determinations made at different times but with the same hemoglobin solution may vary + 5 per cent. When the determination is made with different hemoglobin solutions and at different times the activity obtained may vary ± 20 per cent. For this reason it is necessary to run a "standard pepsin solution" with each unknown. The activity of the standard pepsin is taken as the average value obtained for that solution in a long series of determinations. The activity obtained with an unknown solution is corrected in proportion to the correction found necessary with the standard SX pepsin solution. That is, the activity of the unknown solution equals -~-when A is the observed activity of the standard solution in this particular run, S is the average value of the standard, and X is the observed activity of the unknown solution in the same series of determinations.
The glycerine standard solution used in these experiments gave a value of 0.29 The non-protein nitrogen exists in at least two forms since part may be removed by dialysis and part cannot be removed in this way. The proportion of dialyzable nonprotein nitrogen varies with different preparations and no general statement can be made concerning its occurrence.
Nitrogen Determination.--Nitrogen was determined by the micro-Kjeldahl method.
Non-protein nitrogen is defined as nitrogen that is not precipitated by boiling 5 per cent trichloracetic acid. In making the determinations it is important that a relatively small sample (1.0 -2.0 co.) of pepsin solution be run into 8-10 ml. of boiling trichloracetic acid. If the trichloracetic acid is not boiling or if the pepsin solution is added so rapidly as to cool the acid large amounts of non-protein nitrogen may be formed by the action of native pepsin on the denatured protein already present. Protein nitrogen is taken as the difference between total nitrogen and non-protein nitrogen. The specific activity per milligram total nitrogen is of much less significance in the case of pepsin than is the activity per milligram protein nitrogen. For example, in the crystallization of pepsin from commercial pepsin the activity per milligram total nitrogen increases about 500 per cent. Upon standing in solution the activity may decrease again many hundred per cent in a few hours or days, depending upon conditions (2) . The activity per milligram protein nitrogen, however, remains practically constant through all these changes.
Electrophoresis Measurements.--Experiments 1 and 2 were performed by Dr. Alexandre Rothen and experiment 13 by Dr. Lewis G. Longsworth. The Tiselius apparatus was used in these experiments.
